From kinetic, degradative, and isolation studies and the establishment of virtual reactions the following facts are known about the mechanism of chymotrypsin action: (1) the reactions catalyzed by chymotrypsin occur in two steps. The first step involves the acylation of the enzyme with loss of HX and the second step involves solvolysis of the acyl enzyme by water or other appropriate nucleophile,1-6 -HX
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(L) +HX -H20 (2) The deacylation and acylation steps require a basic group of the enzyme to be present in the nonprotonated form. (3) The pKa values for the basic group, as determined kinetically, are different in the acylation and deacylation steps. For acylation pKpp = 6.66.7 while for deacylation pKapp = 7.2-7.4.2 3' 4' 7 (4) From consideration almost all the previously proposed mechanisms for chymotrypsin in the form in which they were presented.4 2729 In so doing an important step forward would, of course, be made. The concept of conjugate catalysis is worthwhile and it does fit the essential requirements of symmetry of mechanism. This is not per se to say that it is valid for chymotrypsin since it is a well-known generalization that the more parameters an equation has the better fit one obtains to the experimental data.
Actually, two symmetrical mechanisms that require only the participation of a single general base or general acid species and which are in accord with the listed (5) , which because of internal hydrogen bonding (Chart II) of the hydroxyl and imidazolyl groups (4) or because of a concerted process of dissociation and nucleophilic attack (Chart I or Chart II),41 require the free enzyme to possess a lower pKapp than the acyl enzyme (3). Stable acyl enzyme can be obtained (6) via an acid catalyzed N O 0 acyl transfer (Chart I) or through the simple protonation of the essential basic group (Chart II). The serine hydroxyl group is essential to both mechanisms (7) and degradation of acetyl enzyme would yield 0-acetyl serine peptide (7) because the acetyl group spends all (Chart II) its time on the serine hydroxyl group or because (Chart I) the N-acetyl enzyme is present under the most optimum conditions at a very low steady-state concentration (8) . Both mechanisms are completely symmetrical (9), the true catalytic steps (acylation and deacylation) being identical to each other and to the virtual reactions involving exchange, and both would be expected to exhibit a kinetic solvent D20 effect in both the acylation and deacylation steps (and virtual steps) because of the involvement of general acid and base catalysis, respectively (10) . The mechanism of Chart II accounts for the binding and activation of the water or nucleophile (11) . That of Chart I does not, but this is felt not to be a serious factor since it is too far an over-extrapolation of present knowledge to attempt to postulate the binding sites of substrate or cosubstrates.
Inspection of previously proposed mechanisms for chymotrypsin based on the imidazolyl and serine hydroxyl groups reveals that those of Westheimer,27 Dixon and Neurath,29 and Cunningham28 are ruled out in the forms presented since they lack symmetry or the involvement of a general acid or base mechanism in each step. The mechanism of Chart I, however, embodies the essential features of these mechanisms as well as the considerations of Anderson, Cordes, and Jencks. 19 The mechanism of Chart II in essence is that of Sturtevant and Spencer4 with appropriate minor additions to assure symmetry. The mechanism proposed by Marini and Hess42 is totally impossible on steric grounds since with Stuart-Briegleb models it is impossible even to approach the building of the proposed active complexes. The mechanism of conjugate catalysis suggested by Bender, Schonbaum, Hamilton, and Zerner20 suffers from the fact that only one basic group has been shown to be essential for chymotryptic catalysis (5) . Though an aliphatic hydroxyl group (or other group of pKa greater than 12.5) could serve as one of the conjugate pairs in these authors' scheme, the concentration of enzyme present at, say, pH 8.0 with a proton on an imidazolyl group and a dissociated basic group of pKa greater than 12.5 would be minute.
Though the mechanisms of Charts I and II are the only ones proposed to date which accommodate all the known requirements for chymotrypsin action, they may, of course, be falacious. With time other functional groups may be found which are absolutely essential to chymotrypsin action. In this case I and II may be modified or discarded. No claim to any clear sighted originality is made by
